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Chang et a/. (1971) have shown alterations in the mitochondria1 proteins from hepatomas. Feo et al. (19736) have since presented findings indicating differences in trypsin-sensitivity between hepatoma and liver mitochondria that could be explained on the basis of a different protein composition. Protein alterations have also been shown in microsomal fraction from hepatoma (Chiarugi, 1972) . In hepatoma mitochondria, also, Feo (1967) found functional changes that could be related to high fragility and to an increased resistance to deformation and stretching. Mitochondria enriched in virro with cholesterol (Graham & Green, 1970) show similar patterns of alterations. Cholesterol is an important component of subcellular particles and it plays a significant role in stabilizing the arrays of phospholipids in membranes (Graham & Green, 1970) . On the other hand lipid-lipid interactions regulate the protein conformation within the lipid environment of membranes. We decided to study the cholesterol composition of mitochondria and microsomal fraction isolated from normal liver and hepatomas. The phospholipid composition in the same particles was also studied.
Female Buffalo rats and Long-Evans rats were used for the transplantation respectively of Morris 5123 hepatoma and Yoshida AH-130 hepatoma, and as sources of normal livers. Three-times-washed mitochondria were isolated as previously described (Feo et al., 1 9 7 3~) .
To isolate the microsomal fractions, the postmitochondrial supernatants were centrifuged at 250000g-min and washed once; microsomal fractions were sedimented from the supernatants at 6 x 106g-min. The absence of erythrocytes was 539th MEETING, UXBRTDGE demonstrated by the lack of any detectable glucose 6-phosphate dehydrogenase activity (Lohr & Waller, 1963) in our mitochondria1 preparations. The lack of nuclear contamination was shown by the fact that a further purification to eliminate nuclei (Neubert et al., 1968) did not change the lipid composition of our preparations. The determinations of glucose 6-phosphatase (Swanson, 1955) , as a marker for microsomal fraction, and cytochrome oxidase (de Duve et al., 1965), as a marker for mitochondria, showed that microsomal contamination of mitochondria did not exceed 7 % and that mitochondria1 contamination of microsomal fractions was less than 1 %in preparations from all tissues. Neutral and polar lipids were isolated as previously described (Feo el al., 19736) ; phospholipid classes were separated and determined by the procedure of Skipski et al. (1964) . Cholesterol was separated by t.1.c. with as a solvent n-heptane-di-isopropyl etherformic acid (30:20: 1, by vol.) and determined by the method of Bowman & Wolfe (1962) . Proteins were determined by the method of Gornall et al. (1949) . The determinations of acceptor control ratios, respiratory increments by Ca2+ or K+ plus valinomycin, conformational changes associated with the changes of the metabolic state and hypoosmotic swelling were determined as previously described (Feo, 1967; Feo et al., I973a) .
As shown in Table I the cholesterol content in mitochondria from the two hepatomas was about fourfold higher than in the corresponding liver mitochondria. As regards the phospholipid content of mitochondria, there was a decrease in Morris 5123 hepatoma, but there was no change in Yoshida AH-130 hepatoma. A fivefold increase of the cholesterol/phospholipid molar ratio was observed in mitochondria from both Morris 5123 and Yoshida AH-130 hepatomas. In the microsomal fractions of hepatomas the cholesterol content did not change, whereas the phospholipid content significantly decreased. As a consequence the cholesterol/phospholipid molar ratios significantly increased in hepatomas, as compared with the normal liver.
As the decrease in the phospholipid content greatly contributed to the alteration of this molar ratio, we decided to study the distribution patterns of the phospholipid classes in the subcellular particles. Bergelson et al. (1970) has suggested the existence of a chemical de-differentiation of tumour-cell endomembranes, as they found that the The acceptor control ratio was determined in the following test system: 130m~-KCI, 20m~-Tris--HCI buffer, pH7.4, 10m-t-glutamate, 5 mM-L-malate, 1 mM-phosphate, 5mM-EDTA and 2mg of mitochondria1 protein; the final volume was 2ml. The chemical study of the composition of the subcellular particles of the hepatoma clearly points to an increase of the cholesterol/phospholipid molar ratio. An increase in cholesterol may greatly influence the resistance to deformation of cellular membranes (Graham & Green, 1970; Butler et al., 1970) and regulate the permeability to small molecules of artificial (Demel et al., 1972) and natural (Kroes & Ostwald, 1971) membranes. To verify the role played by cholesterol in regulating these parameters, some mitochondria1 functions related to the strength of the membranes and/or to ion exchange were studied in normal liver and Morris 5123 hepatoma.
As shown in Table 2 , mitochondria from Morris 5123 hepatoma show a good acceptor control ratio: this ratio, however, is slightly lower than in the normal liver mitochondria, as observed previously (Feo et al., 1973a) . Moreover in hepatoma mitochondria there are no significant changes of the respiratory increments by Ca2+ or K+ plus valinomycin; on the other hand, the small-amplitude swelling and the hypo-osmotic swelling are significantly less extended than in normal liver mitochondria.
Our findings clearly indicate marked alterations in the chemical composition of mitochondrial and microsomal membranes. Graham & Green (1970) suggested that the enrichment of mitochondria in uitro with lipoprotein cholesterol causes these particles to be less prone to undergo large-amplitude swelling as well as changes occurring in the conformation of mitochondria associated with changes in the metabolic state. Prasad et al. (1971) showed an increased content of cholesterol in mitochondria isolated from the liver of hypercholesterolaemic rabbits. These mitochondria showed a diminished capacity for large-amplitude swelling, so confirming, in uiuo, the findings by Graham & Green (1970) . We observed similar alterations in mitochondria from Morris 5123 hepatoma; these particles showed a marked inability to undergo volume and conformational changes. These alterations of hepatoma mitochondria may indeed be related to their high cholesterol content. In fact, an increase of the cholesterol molecules in biological membranes would enhance their hydrophobicity, and by this mechanism would increase the resistance to deformation and stretching, so that changes in shape and volume should be inhibited.
An increase in the cholesterol/phospholipid molar ratio was also found in the microsoma1 fractions; van Hoeven & Emmelot (1972) have found the cholesterol content in plasma membranes isolated from hepatomas to be higher than in normal liver plasma membranes. The loss of feedback inhibition of cholesterol biosynthesis in hepatomas (Siperstein et The toxicity of CCI3 towards the liver is enhanced by pretreatment with various drugs that induce the proliferation of the hepatic smooth endoplasmic reticulum. Garner & McLean (1969) observed an increase in CCI,-induced liver damage after prior administration of phenobarbital. This barbiturate stimulates a large number of metabolic pathways : it increases NADPH-cytochronie c reductase activity and cytochrome P-450 content (Conney, 1967) . 3-Methylcholanthrene and other polycyclic hydrocarbons are also inducers of drug-metabolizing enzymes, but by contrast this induction affects the metabolism of relatively few compounds. Moreover 3-methylcholanthrene causes the formation of a different type of microsomal cytochrome P-450, namely cytochrome P-448 (Mannering, 1971 ; lmai & Siekevitz, 1971 ; Sladek & Mannering, 1966) . In addition, Fouts & Rogers (1965) suggested, on the basis of electron-microscopical findings, that 3-methylcholanthrene induces less proliferation of hepatocellular smooth membranes than does the barbiturate phenobarbital.
The difference in behaviour of phenobarbital and 3-methylcholanthrene in the induction of drug-metabolizing enzymes stimulated us to investigate the action of these two drugs on CCI, hepatotoxicity. White phosphorus, another hepatotoxic agent, was thought to have some similarities, in mechanism of action, with CCI, (Ghoshal et a/. , 1969, 1971) . However, contrasting results were obtained by Pani e t a / . (1972) , who found that CCI,-treated and white-phosphorus-treated rats were both protected by some antioxidants, but that they differed in that the hepatic microsomal lipids of whitephosphorus-poisoned animals were not affected by lipid peroxidation, as evaluated by diene conjugation absorption. In addition, phenobarbital does not seem to enhance the toxicity of white phosphorus (Pani Pt a/., 1972; Hurwitz, 1972) .
The present experiments Here designed in an attempt to elucidate the relationship
